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AHHOTaNA

CaMbIM MEPCTIICKTHBHBIM HaIpaBIeHHEM Pa3pabOTKU MECTOPOXK/ICHHUH BBICOKOBSI3KOM He(TH
SIBIICTCSI TEXHOJOTHS [TApOrpaBUTAIMOHHOTO ApeHaxka (SAGD). CymecTByroIye KIIacCHUeCKUe
OAXOAbI HE MO3BOJIAIOT paCCUUTATh HEKOTOPBIC HeO6XO,ZII/IMI)Ie mapaMeTphbl I yCHCHIHOfI pea-
JIM3aIIAH TIPOTIecca, a TakKe TPEOYIOT pacyeTa B KayK/I0H TOUKe TPaHHITh ITApOBOI KamMephl. Jlaib-
Heldllee pa3BUTHE paHee MPEI0KEHHOTO aBTOPaMH TIO/IX0/1a TIO3BOJISIET HE TONBKO YIPOCTHTh
pacyeThl B paMKax 3aJ[aHHOM TOYHOCTH, HO M MOTyYHUTh YIIPABJISIOIIHME TTAPAMETPhI TPOIecca.
TpamuironHas cxema paccTaHOBKY CKBaxuH 1pr SAGD He o3BoSIeT Moy YT KOG QUIMEHT
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70 Hlegenée A. I1., l'unvmanog A. 5.

oxsara Gonbe 0,5 B CUiTy paBeHCTBA ONTHMAIBHOTO PACCTOSHUS MEKTY CKBOXKHMHAMH M MAKCH-
MaJIbHOTO OCHOBAHHS TPEYTOJIbHUKA CEYEHHs TapOBOi KaMepbl. ABTOpaMHU MOKa3bIBACTCH,
YTO YBEIMYECHUE MACCOBOTO PAcXojia 3aKauKH Mapa MpU COXPAHEHNUU HCXOIXHOTO PACCTOSHUS
MEK1y CKBOKHHAMU [I03BOJISIET MOJTYyYHTh O0JIee BRICOKHI KOO((UIIMEHT 0XBAaTa IIacTa Ipo-
IIECCOM 32 CYET NMEPEKPBITHS COCEIHNUX MapOBIX Kamep. [IpoBoauTCs aHAMN3 BaKHEHIINX
TEXHOJIOTMYECKHX MapaMeTPoB Mpolecca UIsl MOCIEAYIOIIEro MPUMEHEHHs Ha PealbHbIX
MECTOPOKICHHSAX BBICOKOBSI3KOW He(TH B Poccuu. Pacdyerst mpoBoasiTCs ¢ MCHIONIB30BAHH-
€M CHCTEMbl ypaBHEHHi, OCHOBAHHOW Ha METOJE MAaTepUAIbHOIO U TEIIOBOTO OanaHcoB
¥ 3aKkoHa Jlapcu, KOTOpas ammpoOKCUMHPYETCs C TOMOIIBIO SBHOH KOHEYHO-Pa3HOCTHOM
cxeMbl. HenpoTHBOpeYnBOCTE IOy YeHHBIX PE3yJIbTaToB 000CHOBBIBACTCS COTIOCTABICHHEM
HpeIeNbHBIX CIIyYaeB C aHATUTUYECKUMHU PACUeTaMH, & TAKIKE C XapaKTePHbIMU MOJIEITbHbI-
MU ¥ IIPOMBICIIOBBIMH 3aBHCHMOCTSAMH 3apyO€KHBIX aBTOPOB. ABTOpaMH yCTaHOBIICHO, YTO
TIOBBIIICHNE PAcXojia 3aKauynBAEMOTO Mapa ¢ OJHOBPEMEHHBIM YBEIMYCHUEM PACCTOSHHS
MEKIy CKB&KHHAMH U COXPAHEHUEM TPAJUIMOHHON CETKH NPUBOIUT K TIOBBIILIECHHUIO T1a-
POHE(TSIHOrO OTHOLICHHS M YMEHBIICHUIO HAKOIICHHON JOOBIYM He(TH. DTOT MOAXO HE
HPUBOIMT K TIOBBIICHUIO KO (HUIMEHTa 0XBaTa, HO MO3BOJISAET YMEHBIIUTH 00LIEe YUCIIO
CKBA)KMH B IUTACTe, a HAIMYHME MEPEKPHITUS COCEIHUX MAPOBBIX KaMep MPUBOIHT K TIOBBI-
MIEHII0 KOd()(PUIMEeHTa 0XBATa W YBETMICHUIO HAKOTIEHHOH TOOBIYH HE(TH.

KnioueBble cjioBa
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BBenenue

st moBeIeHns He(hTeOTAau! TIACTOB IIMPOKO MCTIONB3YIOTCS TETUIOBBIE METOMBI, B
TOM YHCJIC METO TIapOTPaBUTAITMOHHOTO ApeHaxa (Steam-Assisted Gravity Drainage,
SAGD). [iys1 3TOr0 METOIA CYIIECTBYET ST YMCIICHHBIX MOJICICH, 0CHOBAHHBIX ITIABHBIM
o0pazom Ha padorax P. M. batiiepa, HO OHM TOCTATOYHO CIIOKHBI X HE TTO3BOJISTIOT TIPE/I-
CKa3aTh HeOOXOIMMBIE XapaKTEPUCTHUECKHE TTapaMeTpPhl, HEOOXOAMMBIE [TS YCIIEITHOTO
IIPOTEKAaHUs TIPOIecca MaporpaBUTAIMOHHOTO ApeHa)ka. Mexxmy TeM UMEHHO 3TH Tlapa-
METpBI MOTYT MHTEPECOBATh Pa3padOTUNKa MECTOPOXKICHHS.

[Ipemmoxennas panee [5] aBTopaMu 3TOH CTaThH MHTETPAIbHAS MOJCIH TpoIiecca
SAGD 103BOIISET YIIPOCTHTE PacdeThl, HO HYKIIAeTCs B JOPAOOTKE JJIsI pacueTa Xapak-
TEPUCTHYECKUX MapaMeTPOB U ydeTa MOAU(PHUKAINN TPAAUITMOHHON BEPTHKAIHHOMN
CXEMBI PACCTAHOBKU CKBa)KMH.

IToaTOMy T1€NTPIO TAaHHOW PaOOTHI SBIISIETCSI COBEPIIICHCTBOBAHIE HHTETPATBHOMN
momenu mportecca SAGD, pacdet ero HeOOXOIUMBIX XapaKTEPUCTHICCKHUX TTapame-
TPOB 1 CpaBHEHNE MOIU(UIIMPOBAHHON BEPTUKAITBHON CXEMBI PACCTAHOBKH CKBAYKHUH
C TPAJIMIIMOHHON MO0 BAXKHEWUIITNM IMOKa3aTesiM — KO3 HUIINEeHTy oXBaTa U Mmapo-
HEPTSIHOMY OTHOIICHHIO.
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IIpobaemsbl cymecTByrouux Moaeseid SAGD

CymiectByeT OoJbIIoe KomMuecTBO Monenei pacyera SAGD, mpencraBineHHbIX, Ha-
npumep, B crarbsx [7, 9, 10, 12], kotopbie ocHOBaHbI Ha padorax P. M. batiepa. OH,
SBJISISICH OTHAM 13 OCHOBOIIOJIOKHUKOB METO/Ia ITAPOTPaBUTAIIMOHHOTO IpeHaXKa, TIPo-
BEJI PsiZ SKCIIEPUMEHTOB U Ha UX OCHOBE pa3padoTall CBOI0 MOJIEIb PACIPOCTPAHEHHS
napoBoil kamepsl B miacte [1, 6], KpaTkasi CyTh KOTOPOH [Jis TpaAULIMOHHON BEPTU-
KaJIbHOM CXEMBI PacCTaHOBKM CKBaXKUH Mpu SAGD 3axitodaercs B paciipocTpaHEHUN
NapoBOH KaMephl KaKk paBHOOSPEHHOTO TPEYTOJIbHUKA B CEYCHUH Ha MEPBOM CTauH
BBEPX M B CTOPOHBI JI0 JOCTHKEHHUS KPOBIH IJIACTa, MOCJE Yero HACTyMaeT BTopas
CTaJusl, COXpaHAETCS POCT TAPOBOM 0OJIACTH B CTOPOHBI, XapaKTEPHU3YIOIINICS yIIIOM
pacTtBopa kaMepsl (puc. 1). 3eJIeHbIe CTPEIIKH 03HAYAIOT 3aKauKy Iapa, CHHIE — CTe-
KaHHe He(TH M BOXBI 107 ICHCTBUEM I'PaBUTALUM K JOOBIBAIOIIECH CKBAKUHE, Kpac-
Hble — TeIuIoBble NoTepHu. CyIIEeCTBYET TAKKE TPEThs CTaHsI pOCTa KaMephbl, MOITy-
yeHHas P. M. batnepom 13 4ncieHHOro MOIeTMPOBaHUs], KOT/Ia TPOUCXOIHT 3aru0anue
KOHIIOB 00JIacTH BOJIM3U KPOBIIH TUIACTA, OJHAKO OHA HE HAOMIONAETCS B DKCIICPUMEH-
Tax [6], a OCHOBHAs BBIPaOOTKa He(hTH POUCXOJUT UMEHHO Ha BTOPOW cTaauu [5].

simtnintnty pintninintninteintatnty
yiginiy
@ o
W
@\ /o
®
1 ctagua 2 ctagua 3 cragua
Puc. 1. Cramun pocta mapoBOi KaMepsl Fig. 1. Stages of growth of the steam

chamber

Hns onucanus ceoerd mogenu P. M. Batiiep ucnonbs3oBai ypaBHEHHE paBEHCTBA
TEIUTOBBIX ITOTOKOB B pacCMaTpHUBaeMO TOUKE Ha TPAHUIIE TTAPOBOH KaMephl U ypaB-
HEHHUE TPaBUTAIIMOHHOTO CTeKaHWs He(TH BOJM3H CTEHKH STOH KaMephl TI0 3aKOHY,
aHaslornyHomy 3akoHy apcu [1, 6].

YpaBHeHUE 1J1 TEIJIOBBIX TOTOKOB [6]:

dr
A= UprCr(T - Tr)' (1.1)

rae A — ko3(QUIHMEHT TerIonpoBoAHOCTH muacta; I u I, — Temmneparypa B pac-
CMaTpUBaeMOH TOYKE M TIOPOJIbI COOTBETCTBEHHO; & — PACCTOSIHUE OT IOBEPXHOCTH
KOHTaKTa (rpanuiipl); U — CKOPOCTH JABMKEHUS KOHTAKTa; p, U C, — COOTBETCTBEH-
HO IJIOTHOCTH ¥ TETIJIOEMKOCTD MTOPOIBI.

YpaBHEHHE TPAaBUTAIIMOHHOTO CTeKaHus HepTH [6]:

_ kdgp,gsinb
bo

rje ¢ — OObEMHBIN NeOUT HEQTH; p, M W, — TUIOTHOCTb M BA3KOCTh HE(YTH COOT-
BETCTBEHHO; g — YCKOpEHHE CBOOOTHOTO MaJieHus; § — yroi HaKIOHA JaHHOTO
y4acTKa KOHTAKTHOW TTOBEPXHOCTH.

dq (1.2)

Pusuko-maremaTuyeckoe moaenuposaHue. Hedrs, ra3, snepreruka. 2019. Tom 5. Ne 1



72 Illegenée A. I1., I'unbmanoe A. A.

Bupno, uto ypaBrenus (1.1)-(1.2) TpeOyroT pacuera B KayKI0ii TOUKe TapoBOW Kame-
PBI, 4TO CONPSIKEHO CO CIIOKHBIMH BBIYMCIICHUSIMU, KOTOPBIE K TOMY K€ HE IIPUBOJIAT K
pacuery psiia BaKHEHIINX XapaKTePUCTHYECKUX apaMeTpoB. Jis ynpoIieHus HCTob-
3yI0TCSl HHTETPaJIbHbIE MOZICIIH, XOPOLIO 3apEKOMEH/I0OBABILIHNE ceOst Kak I mpolecca
MAapOTEIIOBOM MPONUTKYU [4], TaK U JUIs poliecca MaporpaBUTAIlIMOHHOIO ApeHaxa [2,
3,5, 8]. Ho a1 Monienu Taxke HE MO3BOJISIIOT PACCUUTATh HEKOTOPBIC MApaMETPhl IS
YCHELIHOTO MPOTEKaHMs [IPoLiecca, a TAKKEe HE YUUTHIBAIOT MOIU(UKALIIIO CXEMBI pac-
CTAQHOBKH CKBA)KUH IS TIOBBILICHHs 0XBaTa. [l0aTOMY aBTOpamMu JaHHOH cTaTbu OBUIO
NPHHSTO PELICHNE YCOBEPLICHCTBOBATH CBOIO PaHee MPEeIOKCHHYIO MOJIETb U PAcCMO-
TpeTh BO3MOKHOCTB MOBBIIIEHH OXBara iacta rnporeccom SAGD.

MOI(I/I(l)l/IKaIIH'iI TpaHHHHOHHOﬁ BepTHKaJ’IbHOﬁ CXE€MbI PACCTAHOBKHU CKBAKUH

B nanHO¥ cTaThe BIIEpBBIE paccMaTpUBaeTCS MOAU(UKALINS TPATUIIMOHHON BEPTUKAIIb-
HOM CXEMBI PAaCCTaHOBKH CKBaKUH. CIIelyeT OTMETUTb, UTO B paborax [2, 3, 5, 8] mapbl
CKBKHH, M3 KOTOPBIX BEPXHSIsl — HarHETaTelIbHasl, HUYKHSIS — JTOOBIBAIOIIAsI, pacIioa-
TaJIMCh TAK, YTOObI TPEYTOIBHUKH CEUYCHUS COCEIHUX AIIEMEHTOB Pa3pabOTKU HE Tiepe-
CEKAJIMCh MEXKY co00H (puc. 2), TOrIa ONTUMAITBHOE PACCTOSHUAE MEXKTY CKBKUHAMU
OIPE/ICISIIOCh U3 MaKCHMAIILHOTO 00beMa MapoBOi KaMepbl, a KOI(PHUIIMSHT OXBaTa
iacTa npoueccom He npesbiiain 0,5 [5]. Ha puc. 2 kopuuHeBbIM MOKa3aH IEMEHT pa3-
pabOTKH, CHHUM — MaKCHMAJTLHBIH pa3Mep CEUCHHS TTApOBOI KaMepBbI.

Puc. 2. TpamuunoHHas BepTHKATbHAS Fig. 2. Traditional vertical well pattern
cXeMa pacCcTaHOBKH CKkBaXuH mpu SAGD for SAGD

OueBHIHO, YTO /IS YBETMUEHHS 0XBATa IUIacTa MOKHO YBEJIMUNTh 3aKauKy Tapa,
COXPaHUB PACCTOSHUE MEK/TY CKBaKUHAMM MPEKHNUM. Tora TpeyroIbHUKN Ce4eHU I
COCEIHUX MapOBBIX Kamep OyIyT MepeKphIBaThCs, HO OXBAaT ILIACTAa YBEITUYUTCS B
CHJTY YBEJIMYEHUS yIiia PacTBOPa (MIIM YMEHBIIUTH PACCTOSHUE MEKAY CKBaKHHAMHU
IIPU COXPAHEHUM MacCOBOI0 PACXOAA 3aKauMBAEMOIO I1apa, YTO MIPUBEIET K aHaJIOo-
THYHBIM BBIBOJIaM). DJIEMEHT pa3paboTKu (KOPUYHEBBIM LIBET) M MapoBasi KaMmepa
(cuHMit UBET) IPH STOM OYAYT BBIIISACTH TAK, KaK MOKa3aHo Ha puc. 3.

Jpyroil BapuaHT — OCTaBUTh TPAJAULHOHHYIO CXE€MY PACCTaHOBKHM CKBaXKUH
(puc. 2), HO yBEIMYUTH ACOUT 3aKaUKH Mapa U PacCTOSHHE MEXIY CKBaOXHHAMHU,
4TOOBI TPEYTOJBHUKH CEUCHHH KaMmep He MepeKphIBAINCH. B TakoMm citydae yuciio
CKBQ)XMH B TUIacTe Oy/IeT MEHbIIIE, YTO B ONPEACICHHBIX YCIOBUSIX OyleT BBITOHEE,
OXBAT K€ COXpaHHUTCS U OyneT cocTaBisATh 0,5.
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Puc. 3. MogudummpoBanHas Fig. 3. Modified vertical well pattern
BEPTHKAJIbHAS CXEMa PACCTaHOBKU for SAGD
ckBakuH mpu SAGD

HCO6X0,I[I/IMO CPpaBHUTB 5TU BAPpUAHTBI, U3 KOTOPBIX paBpa6OT‘lI/IK MOXET BBI6paTL
J'Iy‘IH_II/Iﬁ JJIA ce0s1 B 3aBUCUMOCTH OT TOT'0, K UCMY OHU MMPUBOIAT.

du3uKo-MaTeMaTu4ecKmne pacueTbl H CPABHEHUE CXEM PACCTAHOBKH CKBAKHH

ABTOpBI JAHHOW CTAaThU paHee NPEUIOKWIN PsiJi BAPUAHTOB HHTErPaJIbHON MOJENIN
JUTSL YIIPOIICHHUS PAcuyeTOB MAapOTPaBUTAIMOHHOTO JpEHaXka MPU MCXOAHON cXeme
paccTaHOBKY CKBa)KMH, YTO U3JIOKEHO B CTaThsIX [2, 3, 5, 8]. M3 aTX BapuaHTOB Npu
AQHAJIMTUYECKOM HCCIIEZIOBAaHUH Hambosiee TOUHO (PU3MKE MPOIIecca YIOBIETBOPSET
MOJIEJTh, pACCMOTpeHHas B padore [5]. OmHako oHa TpeOyeT HEKOTOPHIX M3MEHEHUH
B HAYaJIbHBIX YCIIOBHSX, YIUTHIBAOIINX CTA U0 TIPEIBAPUTEIILHOTO IPOTPeBa IiacTa
Y HEHYJICBON HavalbHEIN 00BeM MmapoBoi kamepsl. Kpome Toro, ymoOHee 3ammcarth
ypaBHEHUS 4yepe3 HedTe- U BOIOHACKHIIIEHHOCTh. Tora 3aKOHBI COXpaHEHHUST MacChl
JUTS BOJBI, TIapa M HE(TH BBIPAKEHBI COOTBETCTBEHHO:

AV Sup) _
P — —Qu + o @
d(mV(1—S, — S,)ps
VQ =S =50 _ oy, 22)
d(mVS,p,) _
—a —Qo, (2.3)

7€ ¢ — paccMaTpUBacMbIii MOMEHT BPEMEHH; 71 — MOPUCTOCTh; V' — 00beM MapoBoOi
Kamepsl; S, , S — HACBINEHHOCTH BOJIOK U HEPTHIO; P, , P, P, — TIOTHOCTH BOJIBI,
napa u HeptH; @ , ¢ — MaccoBble N€OUTHI HEPTH U BOJBI; (J, — MACCOBBIH pacxo
3aKauMBaEMOrO0 napa; J, — MHTEHCUBHOCTh MACCOOOMEHA MEX Ty TIAPOBOM U BOJIHOM
(azamu. 3HaKu epes JeONTaMu YUUTHIBAIOT, JOOBIBACTCS MITH 3aKaYMBACTCS TaHHBIH
(ron .

Crnenyet 3aMeTUTB, YTO NPH cliokeHUU popmya (2.1) u (2.2) MOKHO HCKITIO-
9dTh J U3 pacuyeToB.

[Tpu aTOM TeruIOBOM OanaHc:
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74 Illesenée A. I1., I'unomanoe A. A.

L (V(m(Su G (Ts = T)pyy + (1 = Sy = So)ps (1 + Co(Ty = T,)) +

+ SoCo(Ts - To)po) + (1 - m)Cr(Ts - To)pr)) = Qsl -

— 20(V/h +VE/RZ + B2d2 (T, = T,) — QuCo(Ty — T,) —

- QWCW(TS - TO))
roe C

» C., C, C — ynenbHbIE TEMIOEMKOCTH BOJIBI, apa, HEYTH U CKENETA MO-
pomsl; T u T — TeMrieparypsl apa ¥ HadajibHas IJ1aCTOBas COOTBETCTBEHHO; [ —
CKpBITasl yJelibHAs TEIUIOTa MapooOpa3oBaHus; 0. — KOAPQPUIIMESHT TEIUIO0TAaYH;
pr — IUIOTHOCTD CKEJICTA MOPO/bI; h — MOIIIHOCTH IlJI1acCTa, d — JJJIMHa CTBOJIA Ir'OpH-
30HTAJIBHON CKBAKHMHBI. B ypaBHEHHU y4TEHBI 3aKadrBaeMasi C TapoM TeIJIoTa, Te-
TUTOBBIE TIOTEPH B KPOBJIFO TJIACTA M HA TPAHUIIE TAPOBOI KaMephl, TEIUIOTa, CBSI3aH-
Has ¢ TTOBBIIICHUEM TeMITepaTypbl HE(hTH U BOIBI B IIACTE.

B xauectBe 3aMBIKAIOIIET0 COOTHOHICHUS UCIIOJIB3YCTCA OTHOMICHUE MEXKTY 21661/1-
TaM{ HArHETAaeMOTO U JOOBIBaeMBIX (PIFOMI0B Ha OCHOBE 3akoHa Jlapcu [5]:

(2.4)

Qs _ 2m Apl
- Ap.’ 2.5
(G f) on (e ) -

e Ap, u Ap — penpeccus Ha HarHeTaTeNbHOI CKBOKUHE 1 JACTPECCHs Ha 100bIBa-
IOLIEH CKBAKMHE COOTBETCTBEHHO; f , f| — OTHOCHTENBHBIE TPOHULIAEMOCTH HEPTH
Y BOZIBL; [, W, I, — BA3KOCTH T1apa, BOJBI M HE(YTH MOCIIE Pa3orpeBa COOTBETCTBEH-
HO, () — YTOJI pacTBOpPa CEYEHUS TapOBOI KaMephl.

Takoke st 3ambikanus cucteMsl (2.1)-(2.4) ucnonb3yercst OTHOIIEHHE ASOUTOB
JIOOBIBAEMBIX ()IFOHIOB:

QuPo _ futto 2.6)
QoPw  Hwfo
VYron pactBopa cedeHus KaMephbl CBsI3aH ¢ €e 00bEMOM TaK:
%4
P = 2arctgm. 2.7)

Jiis oTHOCHTENBHBIX (ha30BBIX MPOHUIIAEMOCTEH MCIOIB3YIOTCS MPOCTEHIINe
KBaJIpaTUYHbIE OT HACBILIEHHOCTEH Koppensiuuu [5]:

fw = SVZV’ (2.8)

f, = S2. (2.9)

B cucreme ypaBuenmii (2.1)-(2.6) c yuetom (2.7)-(2.9) Hen3BeCTHBIMU SBIISIOTCS
00beM MapoBOi KaMepbl, HACHIILIEHHOCTH BOJIOW M HE(PTHIO, MACCOBBIE PACXOJIBI
He(TH ¥ BOJBI U HHTEHCUBHOCTh MacCOOOMEHa, OT KOTOPOH JIETKO N30aBUThCS, CII0-
#uB ypaBHeHus (2.1) u (2.2). B kauecTBe MoJe3HbIX BCIOMOTaTeIbHBIX XapaKTEPUCTHK
MOXXHO OIPEIEINUTh 0OBOIHEHHOCTh MPOAYKIUH
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W = _ 0w (2.10)

Qo , Qwy’
pw(po + pw)

napoHePTSIHOE OTHOIICHUE

Ry=% (2.11)
Qo
K03 HUIIMEHT OXBaTa
K = L’ (2.12)
hcd

IJie ¢ — OCHOBaHHE TPEYTOJIbHHIKA CEUeHHUS MapoBoii kKamepsl. [Tociie anmpokcumarmm
SIBHOH KOHEYHO-PA3HOCTHOHN cXxeMoi ypaBHeHwUiA (2.1)-(2.12) HakoIUIeHHYIO T00BITy
HeTH Ha i-M IIare MOYKHO MPEICTaBUTh B BHIIC:

i
roum(i) = z Qo(n) At,i=1,2,..,4000, (2.13)
n=1

7€ 71 — WHJEKC CYMMHPOBaHHS — HOMEpP OHOTO U3 paHee MOCYNTAHHBIX I1aroB; Af —
1mar no BpemeHH, paBHbIi 72 000 ¢ (oxoso cyTok), Bcero 4 000 maroB 1mo BpeMeHH.

W3 ananu3za cuctemsl ipu ¢ — 0 CIeyeT, 9TO IMEETCs HEKOTOPBI KPUTHIESCKUI
JneOuT 3aKauky 1apa, 3Ha4eHUs] MEHbILE KOTOPOTO HE TO3BOJISIOT POPBATHCS TEILTY
OT HAarHETaTeIbHOW CKBAKUHBI K TIOOBIBAIONICH, 8 3HAYHT, HE TIPUBOJIAT K YCIICUTHO-
My Hayally mporecca rnaporpaBUTaIlMOHHOTO apeHaxka [5]. T. K. B 9TO BpeMsi HeT
ITapoBOM KaMephl, e 00beM HYJIEBOH, 1e0NTOB HE()TH W BOABI IO Hadaja mporecca
TOKE HET, TO KPUTHUCCKUH PacXo ¢ yaeToM (2.4) MOXKHO paccuuTath 1o Gopmye:

_ 2ahd(T, — T,)

scr — l

(2.14)

Taxxe CyIecTByeT U CTALlMOHAPHOE COCTOSIHUE IIPU f — 00, KOI/1a 3aKaulBaeMast
TEIUIOTa BHIPABHUBAETCS C TEIUIOBBIMU MOTEpsiMH, Torma u3 (2.1) u (2.2) maccoBbrit
JICOUT BOJIBI CTPEMUTCS K MACCOBOMY PacXOJly 3aKad4MBaeMOTO Mapa, a 1eOuT HeTH
CTPEMUTCS K HYJIO, TIPU 3TOM C y4eToM (2.4) JTOCTUraeTcsi MaKCUMaJIbHBIH 00beM
IIapOBOM KaMephl:

2
& (U= CulTy = Ty)? — R2d2(T, ~ T,
G (1— €, (T, ~ T,)) (T, ~ T,)

Vmax -
KOTOPOMY COOTBETCTBYET ONTHUMAJILHOE PACCTOSHUE MEXKAY CKBaXXMHAMM IIPH HC-
XOIHOH reomMeTpuu 6e3 NepeKphITHs:

: (2.15)

c — 2Vmax

max hd :

HavanbHble ycnoBus s cucteMbl ypaBHeHuH (2.1)-(2.6) ¢ yueToM cTauu mpea-
BapuTenbHOro nporpesa V, =V .S =0,S =1 (B miacte TONbKO HEPTH 11 yHIPO-

maa > wl

IEHUS MOJIENHN), [UIs TIPEABAPUTENBHOTO nporpesa V= 0 (oTcrona MoXHO BbIOpaTh

(2.16)
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Vm JUIsl OCHOBHOM cTajauu, ucxons u3 BpemeHu nporpesa 0,5 rona wiu 1 rox, 4ro
TIpUEMIIEMO JIJISl pa3pabOTIHKOB).

IIpn yBenmdyennn nebuTa mapa ¥ OJHOBPEMECHHOM YBEIWYCHUU PACCTOSHUS
MEX]ly CKBOKHHAMH PacueTHBIC POPMYJIbI COXPAHSIOTCSI.

HeolOxonumebie 11t MOJISTUPOBAHUS ITAPaMETPhl, OCHOBAHHBIC Ha JAHHBIX 110 KaHA/I-
CKUM MECTOPOXKICHHSIM, TJIe TEXHOIOTHS HAIILIA IIUPOKOe MpuMeHenue [5, 7, 9, 10, 12]:

Q.= 0,55 Kr/c ayst ICXOMHOTO PACCTOSIHUS MEXK]Ty CKBRXKUHAMM, Q.= 0,825 kr/c
JUTSL YBEIIMYESHHOTO;

Bt
0(—03 KT—438KT—288Kh—30Md—100Mm—04

Cw —4200 A A A Am
K’
KT ll
Po —850 ,pW—1000 ,ps— ,pr—2500 l—2 106 — o
Ap;
o =10"3Ma-cp, =10"3Ma-c,p, =0,1637-10"3Ia- CE=0,3.
P

B pesynbrare pemieHus HoIy4eHHON cucTeMbl ypaBHeHui (2.1)-(2.6) ¢ yuetom
(2.7)-(2.9) nocne anmpokcuMaIMK SIBHOM CXEMOU MOJIy4aeTCsi UTOTOBOE YpaBHEHUE
Ui 00beMa MapoBOH KaMephl Ha CIIEAYIOIIEM IIare o BpeMeHH:

oe10) | (10 ;’;)

ae (o
Vi+1=Vi+@<p

(Qs Qloss(i)))a (2-17)

m
B=(1-mC (T~ T (1-2), (2.18)
F= mps(l + (Cs - Cw)(Ts - To))a (2'19)
%0 | W@ (2.20)
t Po Pw
u=1-C,(T;—T,), (2.21)

Quoss(i) = 2a <% (Ts = Tp) + (%)2 + h2d2> (T, —T,). (2.22)

IIpu 5TOM HACBIIIEHHOCTH:

So(i+1) = V;S"“) —N;, (2.23)

i+1
i — _ Vi At(Qoss(i) —Qsw) 2204
Suien) = 1= Gt Ny + 2 S)(1 S 4 R (2.24)
= 20w (2.25)

i 5
mViyi1Po
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Gy =2 (1= Sy)- (2.26)

Vit

Torma nebutsl ¢ yaetom (2.20):

2 2
Qs‘PiHs(—SO:;) +—5Wu5\l/) )
G= e (2.27)
SApp
_ paqu-wSo(i)Z
Qo(i) B Sw(i)2H0+UwSa(i)2’ (228)
Qo(i
Que = pw (01 — f) (2.29)

[Tocne naxoxaenus npu V, = 0 (craaus Mpeanporpesa) 3aBUCMMOCTH IPOTPeBa-
eMoro o0bemMa OT BpeMEeHH I MOJISIMPOBAHUS CaMOTO0 TIpoIiecca BhIOMpaercs Ha-
YyaJbHOE 3HaUeHHe oObeMa 1mpu BpeMeHu nporpesa 0,5 roga wim 1 Tof, 4TO MpHEeM-
JIEMO JJIs1 pa3paOOTUYHKOB.

JlJ1st yueta nmepeKphIThs COCEIHUX MapOBbIX KaMep CHavasia HEOOXOAMMO IPOBECTH
pacdeTsI 1Mo ATOoM ke MoaenH (2.1)-(2.29). 3areM mpoNCXOANUT yIeT TEOMETPUISCKUX H3-
MEHEHHH, KOTJla TIPH OTPENIEIEHHOM YIJIe PacTBOPA 3a CUYET MEHBIIIETO PAaCCTOSHUS
MEXTy CKBAKMHAMH (MM OOJIBIIIETo JeOWTa 3aKa4MBaeMOToO Iapa IMPH COXPAaHEHHOM
PaCCTOSHUN) HAYMHALSTCS TIEPEKPBITHE TPEYTOIBHUKOB M TAIbHEHIIIAs TEOMETPHS dlie-
MEHTa Pa3paboTKu 00pasyeT MATUYTONbHY Kamepy (puc. 4). Ecnu paccTosiHue Mexmy
CKB)KMHaMH (DUKCHPOBAHO M PABHO ¢, Y — PACCTOSTHUE OT BEPILIHBI KAMEPBI /10 JIMHHH,
KOTOPasi OTCEKAET MAKCUMAJIbHO BO3MOXKHBIM TPEYTOJIBHUK M3 BEPUIMHBI KAMEPBI C y4e-
TOM €€ CTCHOK (puc. 4), i — MOIIHOCTS ITJIacTa, TO B CITydae, Korma y < A, Oyaer HaOmro-
JIaThCst IMEHHO 3Ta TEOMETPHS 33191 U TIEPEKPHITHE Kamep.

h—y
c/2 | ¢/2

§49)

}!

S

Puc. 4. OnemeHT pa3paboTku npu y4yere Fig. 4. Element of the development
MIEPEKPBITHUS TAPOBBIX KaMep with the overlap of the steam chambers

Torga 00beM U3 reoMeTPUN HYKHO PACCUUTHIBATH 1O (hopMmyIe:

V =0,5ycd + c(h — y)d, (2.30)
c
y=—%
262 2.31)
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MIPUYEM B CIIydae OTCYTCTBHSI IEPEKPHITHS HEOOXOAMMO COXPAHSATh O0BEM, IIOCUUTAH-
HBII 110 UCXOTHOW MOJIeNT. BMecTe ¢ TeM yroi (o He MEHSISTCSI U COOTBETCTBYET MOJIC-
JIM C OTCYTCTBUEM MIEPEKPHITHS, T. K. CBSI3aH UMEHHO C TPEYTOJIBHUKOM MTApOBOM Kame-
puL. Hanee, ¢ yaetom (2.23), (2.25), (2.27)-(2.29) Hy>XHO TIepecunTaTh MPH MOJCTAHOB-
Ke HOBOTO 00ObeMa HACKHIIMICHHOCTh HE(PTHIO W AeOUTHI HEPTH W BOIBI, TIPU ITOM
HACBHIIIIEHHOCTh BOJIOW COXpaHSETCs, T. K. BOJIa B pacCMaTpUBaeMoil Mozienn obpasy-
eTCsl TONFKO M3-3a KOHJCHCAIIMH T1apa, Pacxofl 3aKadykd KOTOPOTO YYTEH MMEHHO B
HCXOIHOU MOJIENH.

B pesynbrare pacueToB mo ucxoanoi moaenu (2.1)-(2.29) npu HyneBOM Havalb-
HOM 00beMe NOIYYeH rpaduk 3aBUCUMOCTU 00beMa MPOTPETOoii 00JIaCTU OT BpEMEHHU
MporpeBa Ha CTa UM MPEABAPUTEIHLHOTO MTPOTrpeBa NPy JABYX 3HAYCHHSX AeOuTa 3a-
ka4ku napa (puc. 5). C yBenudeHneM 3Toro 1e0uTa mporpeB KOHKPETHOTO 3HAYEHUS
o0BneMa uaeT OpIcTpee, MPOTPETh MOYKHO OOJBITHIT 00BEM, UTO U CIACAYET U3 (DU3UKH
nporecca. O6sem 60 000 M3 mporpeBaeTcst ipu edute mapa 0,55 Kr/c 3a MpUMEPHO
220 nueit, npu nedute 0,825 kr/c — 3a 125 qHEi, 4TO MpUEMIIEMO B PealIbHBIX yC-
JIOBHSIX, TIOOTOMY MOXKHO BBIOPATh TakOoW 00bEM B KQUECTBE HAYAILHOTO ISl MOJIC-
JUpOBaHUs OCHOBHOM ctaauu SAGD.

[Tocne »TOTO OBUTM MPOBENEHBI PACUETHI Ui OCHOBHOW CTaIMH MPOTPEBa C BbI-
IeTIePEYNCIICHHBIMY 3HAYCHUSIMA 1eOuTa Tlapa 0e3 mepekpoITis. O0neM porpeToit
o0nacTH ¢ TeYCHUEM BpeMEHH yBennuuBaetcst (puc. 6) aist 000uX 3HaueHHUH 1eOMTOB
OT HaYaJILHOTO JI0 MAKCHMATBHOTO U cocTaBisieT okono 140 000 m* mpu redute mapa
0,55 kr/c u 220 000 m* mpu nedute napa 0,825 Kr/c, 4To COrIaCyeTcs ¢ aHATUTUYECKHU-
MU pacderamu u3 (2.15). DTo cBsA3aHO ¢ BHIPaBHUBAHWEM 3aKaYHBAEMOH TEIUIOTHI OT-

240 000
220 000

200 000 //
180 000
/
/

160 000

140000 - / /

3
V, " 1(2)2 ZZZ / e==—=Qs=0,55 Kr/c
I / =—Qs=0,825 Kr/c
/

80 000 /

60 000
40000 -
20000
0 -+
0

500 1000 1500 2000 2500 3000 3500 4000

t, cyT.
Puc. 5. 3aBucuMOCTE 00bEMa IPOTPETON Fig. 5. Volume of heated area depending
001acTH OT BpEMEHH IPOIPEBa HA CTAIUK on time of heating during preheating
NPEABAPUTENILHOTO IPOrPeEBa IPH Pa3HOM at different steam injection rate

neOuTe 3aKavuky mapa
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HOCHUTEJILHO TETJIOBBIX OTEPh, TPUYEM YeM O0JIbLIE TIapa 3aKauuBaeTCsl, TeM OOJbIIHN
MaKCUMaJIbHBIH 00BEM MOXKET IPOTPETHCS, T. K. 3aKaYUBACTCS TOLA OOJIbIIee KOJYe-
CTBO TEIUIOTHL. Bpems mporpeBa o0onx 00beMoB coroctaBumo (oxoio 1 000 cyT.).
OnTuManbHOE PAaCCTOSTHIE MEXKAY MTApaMu CKBaKKH U3 (2.16) B cirydae MeHbIIIe-
ro nebura mapa cocrasisieT 93 M, B uHOM citydae — 147 M. T. e. ecnm i moracra

240 000

210000 -

180 000

150 000 /
V, m3 120000 / /

// e Q5 = 0,55 Kr/C
90 000 P

e Q5 = 0,825 Kr/C

60 000 e Q5 =0,55 Kr/c ¢
nepekpbITUEM
30000
0 ; ; ; .
0 1000 2000 3000 4000
t, cyT.
Puc. 6. 3aBucuMOoCTh 00BEMA MIPOTPETOI Fig. 6. Volume of heated area depending
0051acTH OT BPEMEHH TPOrpeBa on time of heating during main
Ha OCHOBHOM CTa/INM TIPH pa3HOM JieOuTe stage at different steam injection rate
3aKauKH mapa
80
70 Qw, Qs=0,55 kr/c

60 / /
50
Q, 40 / / e Qw, Qs=0,825 Kr/c
T/CyT. 30
20 / Qo, Qs=0,825 kr/c
10 e QW, Qs=0,55 Kr/c ¢
0 T T T T T T ! nepekpbiTUEM
0 500 1000 1500 2000 2500 3000 3500 Qo, Qs=0,55 Kr/c ¢

Qo, Qs=0,55 Kkr/c

nepekpbITUEM
t, cyT.

Puc. 7. 3aBUCMOCTh MacCOBBIX 1COUTOB Fig. 7. Oil and water production rates

HedTH U BOZIBI OT BpPEMEHH IIPOrpeBa depending on time of heating during

Ha OCHOBHO# CTa/INM TIPH pa3HOM JieOuTe main stage at different steam injection

3aKa4ykKu Iapa rate
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JUHEWHBIM pazMepoM 10 KM B repBoM citydae HykHO 108 map ckBakuH, TO y’Ke BO
BTOPOM — 68, YTO MO3BOJIUT CIKOHOMUTH JACHBIU. ECIN jk€ yMEHBIINTB pacCTOSIHHE
MEX]y ITapamMu CKBaKWH JI0 ¢ = 43 M 1ripu nebure 3akadku mapa 0,55 xr/c, To moiy-
YaeTcs Cilydail ¢ HepeKPhITHEM, 115l KOTOPOro MaKCUMAJIbHBIH 00BbEM U3 UHCIICHHBIX

1 70

/ - 60
o8 e\, Qs:=:0,55 Kr/c
0,7 / / / / - 50 B
0,6 l//;/ // " ——W, Qs=0,825 kr/c
SRy e
we T~ i P i
o III //// - == Rs, Qs =0,55 Kr/c
0,2 / == Rs, Qs =0,825 kr/c

- 10
0,1 e Rs, Qs =0,55 Kr/c ¢
0 ' ‘ ‘ ' ‘ ' 0 nepeKkpbITUEM
0 500 1000 1500 2000 2500 3000 3500
t, cyT.

Puc. 8. 3aBucuMoCTh 0OBOTHEHHOCTH Fig. 8. Production water cut and steam-oil
MPOAYKIUH ¥ NAPOHEPTSIHOTO OTHOLICHHUS ratio depending on time of heating during
OT BPEMEHH IIPOrpeBa Ha OCHOBHOI main stage at different steam injection rate

CTaJIMU [IPU PA3HOM JeOUTE 3aKauKH apa

21000
18 000 //

15 000 —
/// ——Qs=0,55 Kkr/c
12 000

roum' T 9000 /// e Q5 = 0,825 Kr/C

6000 / e Qs=0,55Kr/c c

nepexpbITUEM

3000
0 . : : : ; ; .
0 500 1000 1500 2000 2500 3000 3500
t, cyT.
Puc. 9. 3aBUCHMOCTb HAKOTLICHHON Fig. 9. Cumulative oil production
J00BIYM HE)TU OT BPEMEHH IIPOrpeBa depending on time of heating during main
Ha OCHOBHO# CTa/IMK TP pa3HOM JieOuTe stage at different steam injection rate

3aKayKy mapa
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pacueToB ¢ yuetoM (2.1)-(2.31) (puc. 6) cocrasiset okoso 100 000 M, npuuem mpo-
rpes uzet ovictpee (3a 700-800 cyT.), uem B ciiyyae 0e3 NePeKphITHS, YTO OKUAAEMO
B CHJIy MEHBLIETO PACCTOSHUSI MEXy CKBa)KMHAMU TIPH UCXOAHOM JAeOHTE.
MaccoBbIii pacxof] BOIBI ¢ TCYCHHUEM BpEeMEHH (pHUC. 7) BO BCEX CIydasx CTpe-
MUTCSI K MACCOBOMY PacXojly mapa, a 1eout He()TH OT HEKOTOPOTO MaKCHMaJIbHOTO
HAYaJIbHOTO 3HAUEHHS B CHJIy HAJIMYHS MPOTPETOro oObeMa Ha NpeIBapUTENbHON
CTaJINU — K HYJIIO, YTO U CJISIyeT OXKH/IATh U3 0aJIaHCOBBIX COOTHOMIEHMI (2.1)-(2.3).
[oBpImieHne neduTa 3aKa4KK Napa BeJeT K YBEIMUCHHUIO eOUTa BOJBI U MaKCHMAITb-
HOTro e0uTa HeTH, HO 3aTeM pacxoa HeTH CTpeMUTENbHO YMeHbInaeTcs. Hamdane
NEePEKPBITHS 00IacTel MPUBOAMT K OoJiee MEUICHHOMY CHIDKCHHIO JieOuTa HeTH 3a
CUeT yBEIWYCHHS 0XBaTa, XOTs MAKCUMAJIbHOE HauaJIbHOE 3HAUCHHUE 1eOnTa HE YBEIIH-
YHMBAETCsI, 1€OUT BOZIBI COXPAHACTCS Ha IPeKHEM ypoBHE. COOTBETCTBEHHO, O0OBOTHEH-
HOCTb MPOAYKIHMU C TEYCHHEM BPEMEHH YBEJIMUUBAeTCsA M cTpeMutcs K 1 (puc. 8),
npuyeM IpH OombleM 1eOuTe napa oHa Bo3pactaeT ObICTpee, YTO SIBISICTCS] HETaTHB-
HBIM (haKTOPOM, a P HATMYUH NTEPEKPHITHs — MeieHHee. [laponedtsiHoe oTHOLIE-
HHE (pHC. 8) TOXKE YBEIMUMBACTCS, PU 3TOM OHO CYIIECTBEHHO OOJIblIe IPH 1e0uTe
3akauku mapa 0,825 kr/c, yem npu 0,55 Kr/c, mpeBbIlIas MPEaeIbHO JIOTYCTUMBIC
penTalenbHbIe 3HaUeHUs 7 T/T yepe3 240-250 cyT., 4TO NPUBOIUT K HEBBICOKOW Ha-
KOTUICHHOH JTI0Obrde HedTH 3a 3ToT repuoy (puc. 9) B pasmepe okono 6 500 1. B atom
ClTy4ae HaKOIJIeHHAs! JoObIYa B [IEJIOM MEHBIIIE, YeM NpH JeduTe 3akadku napa 0,55 xr/c,
naxe 0e3 yuera peHtadenpHocTH. [Ipu nedure napa 0,55 xr/c maponedTsiHOE OTHOILIE-
HHe npeBbimaet 7 /T yepes 450-500 cyt. npu ¢ = 93 M u yepe3 npumepHo 700 cyT.
npH ¢ = 43 M, BMECTe C TeM CKBaKUH B [IaCTE CTAHOBHUTCSI OOJbIIIE (HA pACCMOTPEHHBIE
Bhimie 10 kM Hy»)HO 233 CKBaXKWHBI). DTO JIOPOKE, HO HAKOIUICHHAS J0OBIYA TIPU TIepe-
KPBITUH B UTOT'E OKA3bIBACTCs] HAMOOJIBIICH: B peHTa0eIbHOM 00J1aCTH OHA COCTaBIISIET

0,9
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0,7
0,6
0,5 +
S04
0,3
0,2
0,1

0 T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500

t, cyT.

e Qs = 0,55 Kr/c

e Qs = 0,825 Kr/c

—

74
/

Qs=0,55Kkr/cc
nepexpbITUEM

Puc. 10. 3aBucumocts K03 puireHTa
OXBaTa IJIACTa OT BPEMEHH IIPOrpeBa

Ha OCHOBHOM CTaJIM¥ IIPH pa3HOM JieOHTe
3aKayKH Tapa

Fig. 10. Sweep efficiency depending
on time of heating during main stage
at different steam injection rate
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11 000 T (6e3 mepekpoiTus — oxomno 8 000 T). [Ipu 3TOM OHa yBenmuUeHa Aake B HEPEH-
TabenpHOM obnactu (puc. 9). Takke B HepeHTa0ETHHOM 00NMacTH nmapoHedTIHOE OT-
HOIICHHE MPH IEPEKPHITHH MPEBBILIACT 3TOT JKE MOKa3aTelb 0e3 epeKphITus (pHc. 8).
Haxomennast 1o0bIya ¢ Te4eHHEM BpEMEHHU BO BCeX Cilydasx pacrer (puc. 9) mo 3a-
BHUCHMOCTH, OJIM3KOH K TeM, 4To Obuth mony4ensl C. Paccendoccom [11].

Koaddumment oxpara mracra (puc. 10) nMeeT mOX0Kyio ¢ 00beMOM 3aBHCUMOCTh
OT BPEMEHH, UTO CBA3aHO C ero onpezaenaeHueM (2.12), mocturaer 0’KuaaeMoro aHa-
nuTudecku 3HaueHus 0,5 111 MICXOMHON CXeMBI 0€3 MePEeKPBITHS TIPH JII0O0M e0uTe,
T. K. YBEJIMUUBAETCS PACCTOSTHIE MEKAY CKBAKMHAMH B CIIy4yae €ro MOBBIMICHHUS, HO
9TOT KO3 PULIHEHT cyliecTBEHHO moBbimaetcs (10 0,77) mpu HaNUIUU IEPEKPBITHS
1 YMEHBLICHUH PACCTOSHUS MEXIY CKBa)KUHAMHU.

BriBoabI

1. PaccMoTpeHBI J1Be CXeMbl PacCTAaHOBKHM CKBA)KHH: TPAIWIIMOHHAs Oe3 mepe-
KPBITHSI COCEIHUX TAPOBBIX Kamep W MOTU(HUIIMPOBAHHAS C MTEPEKPBITHEM,
MO3BOJISOIIASI TOBBICUTH KOA(P(DHUIIMEHT OXBaTa IUIacTa.

2. Ilo ycoBepieHCTBOBAaHHON MHTETpajlbHOM MOJIEIH NMPOBEAEHBI PacyeThl, 1o-
Ka3bIBAIOIINE, YTO OJJHOBPEMEHHOE YBEIHUUCHHUE IEONTa 3aKaYMBaeMOro napa
U PACCTOSIHUSA MEX]Yy CKBa)KMHAMU MO3BOJISIET COKOHOMUTBH JIEHBIH 33 CUET
MEHBIIIET0 HeOOXOAMMOTO YHCIia CKBKHUH, HO TIPUBOTUT K HETATHBHBIM SIBJIE-
HUSM JUTS KITFOUCBBIX TIOKA3aTeN e — HaKOTUICHHOU T0OBIIN He(TH, OOBOTHCH-
HOCTH MPOAYKIIMH U TTAPOHE(PTSIHOTO OTHOIICHHSI.

3. Ilpu yMEHBILICHUH PACCTOSHUS MEKY CKBAXKUHAMU C COXPAHECHUEM HCXOIHO-
ro 3HAYEHUS PACXO/a 3aKAUMBAEMOI0 Mapa YUCIIO CKBAKUH yBEIMYMUBACTCS,
4TO TpeOyeT OOIBIIIEro BIOKEHHUS CPE/ICTB, HO TIPUBOAUT K POCTY KOADPHUIIHEH-
Ta 0XBaTa, CHWKEHUIO MapOHE(TSHOTO OTHOIIEHUS W OOBOIHEHHOCTH TPO-
JYKIMH, TIPOJIJICHHIO PEHTA0CIBHOTO MTEPHOo/Ia Pa3padOTKU U 3HAYUTEILHOMY
YBEJIIMYCHHUIO HAKOIIJICHHOH JTOOBIUM.

4. HaGmromaercst coriacoBaHUE aHATTUTHYSCKUX PACUETOB U OIICHOK C IOJTy4eH-
HBIMH YHCJICHHBIMY 3HaY€HUSIMHU, a TaKXke ¢ (PU3UKOH mporecca, 4To JT0Ka3bl-
BaeT HEPOTUBOPEUUBOCTH MOJIEIIH.

5. Kaxjas paccMOTpeHHasi cxeMa pacCTaHOBKM CKBa)KMH MMEET CBOU MPEUMY-
IIECTBA U HEIOCTATKU, OKOHYATEIILHBIN BHIOOD CIEAYyEeT MPOU3BOIUTE HA OC-
HOBe TPeOOBaHMIA U 1IeJIeH KOMITAHUU-Pa3paboOTUHKa.
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Abstract

The most promising direction of development of high-viscosity oil fields is the technology
of Steam-Assisted Gravity Drainage (SAGD). Current classical approaches do not allow
calculating certain necessary parameters for the successful implementation of the process
and demand calculations in every point of chamber’s boundary. Further development of
previously proposed authors” model can simplify the calculations and obtain the control
parameters of the process.

The traditional scheme of well placement during SAGD has sweep efficiency equal to 0.5.
The authors show that we can obtain a higher coefficient of sweep efficiency by the process
of overlapping adjacent steam chambers using increasing in the flow rate of steam injection
while maintaining the initial distance between the wells. We can use the most important tech-
nological parameters of the process in real high-viscosity oil fields in Russia. Calculations are
carried out using a system of equations based on the method of material and thermal balances,
Darcy’s law and approximation by an explicit finite-difference scheme.
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The correctness of the obtained results is justified by comparing the limiting cases with
analytical calculations. The authors found that the increase in the flow rate of steam with a
simultaneous increase in the distance between wells leads to increase in steam-oil ratio and
decrease in cumulative oil production. This approach does not lead to an increase in sweep
efficiency, but it reduces the total number of wells in the reservoir, and the presence of over-
lapping adjacent steam chambers leads to an increase in sweep efficiency and in cumulative
oil production.

Keywords

Increase of oil recovery, physical and mathematical modeling, thermal physics, energetic,
steam-assisted gravity drainage, underground hydromechanics, sweep efficiency, numerical
methods.
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